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I 

Increasing Angular Momentum and Excitation Energy:  An excellent 
way to investigate nuclear structure, especially to see what the 
critically important intruder orbitals are doing. 

158Er 

Where are the limits and what happens on the way?  



In fact, the 158Er nucleus is widely 
acknowledged as a textbook example 

in high-spin nuclear physics. 



1st alignment 

3rd alignment 

2nd alignment 

After the alignments were found 
in 158Er, soon backbendings 
were everywhere! This was the 
dawn of a golden age for the 
Cranked Shell Model : 
Bengtsson and Frauendorf 



The yrast band in 158Er (high spin) 

Collective 
prolate 
(yrast) 

Non-collective 
oblate 
(yrast) 
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Simpson et al., Phys. Rev. Lett. 53, 648 (1984). 
Tjøm et al., Phys. Rev. Lett. 55, 2405 (1985). 
Simpson et al., Phys. Lett. B 327, 187 (1994). 



Band Termination in 158Er 
•  Valence nucleons (4 valence protons, 8 valence 

neutrons) in 158Er are counted with respect to : 
core 82

146
64Gd

Band termination occurs 
when the valence 
nucleons outside the core 
are fully aligned with the 
axis of rotation. 

Bengtsson and Ragnarsson, 
Physica Scripta T5, 165 (1983). 
Ragnarsson et al., Phys. Rev. 
Lett. 54, 982 (1985). 
Ragnarsson et al., Phys. Scripta 
34, 651 (1986). 

46+: π(h11/2)4 ν(f7/2)3(h9/2)3(i13/2)2  
       fully aligned 



? 

WHAT LIES ABOVE BAND TERMINATION? - 
Searching for the states beyond BT had been a goal 

for decades. 
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Thin-target 
expt: 

114Cd(48Ca,xn) 
at 215 MeV 

in 2000 

The very weak feeding transitions above BT originate 
from the levels of weakly-deformed, core-breaking 
configurations. 

158Er 

Wang, Pipidis, Riley et. al., in preparation. 
(-,0) (+,0) 

(-,1) 

GS @ Berkeley Natl. Lab 



The 1st ultrahigh spin band in 158Er 

Paul et al., PRL 98, 012501 (2007). 

The observation of collective bands at ultrahigh 
spin in the Erbium nuclei opened a new chapter 
in the story of rapid nuclear rotation. 



Along the Yrast Line in 158Er 

What shape(s) are 
the new UH-spin 
collective bands 
associated with? 

Paul et al., PRL 98, 012501 (2007). 



TRIAXIAL 
(negative-gamma 

TSD) 

NEAR-AXIAL 
(Enhanced Deformation) 

TRIAXIAL 
(positive-gamma 

TSD) 
Theoretically favored ! 

The CNS calculations were performed by I. Ragnarsson 





Wang et al., Phys. Lett. B 702, 127 (2011). 

(Thin target) 

(DSAM FW) 

(DSAM BW) 

158Er UH band 1 

DSAM 
expt in 
2009 

GS @ Argonne Natl. Lab 



CNS calculations 
158Er 

•  The CNS calculations do not account for the Qt data satisfactorily.  

•  What do other theoretical approaches predict? 

Measured Qt values in 158Er too large! 
…. 
Hence, 154Er expt –  
 151Dy SD values and more… 

Wang et al., Phys. Lett. B 702, 127 (2011). 



The 2-D tilted axis 
cranking (TAC) 
method based on a 
self-consistent 
Skyrme-Hartree-
Fock (SHF) model. 

The TSD minimum 
of rotation about 
the intermediate 
axis (negative γ) 
becomes only a 
saddle point when 
titled cranking is 
considered. 

The puzzling observations in our Erbium-158 
work have recently motivated more 
theoretical studies. 

The new tilted axis cranking (TAC) calculations 
reproduced measured Qt (10.5 eb), but the related 
TSD minimum is not yrast until spin ~ 70hbar. 

Shi et al., Phys. Rev. Lett. 108, 092501 (2012). 



Cranked relativistic 
mean field (CRMF) and 
cranked Skyrme 
Hartree-Fock (CSHF) 
theories are employed. 

Where are the band structures associated with the 
most energetically favored TSD minimum in the 
spin range 30 – 60hbar? 

The results of transition quadrupole moment 
measurement of the ultrahigh spin bands in 
Erbium-158 presented a new challenge for 
understanding triaxiality in nuclei. 

Courtesy of Anatoli Afanasjev 



Perspective: An extended study of collective bands at 
spins beyond band termination in the rare earth region 

Covered 
by the 
present 
project 



Status of the project 
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The Structural Evolution of 158Er in Excitation 
Energy, Spin, Intensity and Time 

Embodied in “Nuclear Physics: Exploring the Heart of 
Matter”: National Academies Decadal Survey of 

Nuclear Physics (NP 2010) 
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The story is continuing… 

Thank you! 


